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design,  development,  and  evaluotion  of  electron  tubes  and  rela.sd  ue..ce8. 

The  N  project  deslSEStiooe  relate  as  follow®  to  DOFL  program  number; 


Propam  Number  project  Number e 


5210  TA3-9104 

5217  TA3-9104 

5225  TA3-4105 

5226  TA3-9101 

5235  TA3-9101 

5236  TA3-9104 


K'67,  N-S2,  K-iOi 
N-67F,  N-74.  W-75 
N-71 
K-102 

N-57,  N-95,  W-99,  N-lOO 
N-68,  N-89 


FOR  THE  COMMANDING  OFFICER 

W.  S.  Hinmjus,  Jr. 

Technical  Director 

Diamond  Ordnance  Fuze  Laboratories 


lil 


TABLE  OF  CONTENTS 


^  Page  Ho. 

1.  RUGGEDIZED  X-BAM>  KLYSTRON  (N-57)  1 

Desc;riptioa - - 1 

Status-  -  - - 1 

Progreso  -  - - - - —  —  - - -  3 

Plano  -  -  - - - - - - - - - 5 

2.  LOW  NOISE  TBIODE  OSCILLATOR  (N  -67)  -  - . -  -  8 

Dsscrlptioa - -  —  -  -  - - —  -  -  —  -  6 

Status . . . - .  8 

Progress  -  --  --  -  —  q 

Plans- . 9 

3.  PRODUCTION  TESTS  .AND  FRANKFOED  .ARSENAL  LIAISON 

WORK  (N-67F)  -  -  . . . . .  10 

Description  -  -  - - - - - -  10 

Status-  —  —  —  “  -  —  -  -  —  -  —  10 

Progreso-  -  -  -  -  -  - - - - - lo 

Plans . 10 

4.  DEVELOPMENT  OF  A  HIGH-G,  LOV/  MICEOFHONIC 

TRIODE  OSCILLATOR  (N-68) . - .  11 

Description - - 11 

Status-  -  - - 11 

Progress-  - - 13 

Plans-  -  --  --  --  --  --  --  --  --  --  --  --  --  --  -  14 

5.  COLD  CATHODE  TRIGGER  TUBE  (N-71) .  15 

Description  -  --  --  --  —  ________________  15 

Status-  -  - - - - - - - - - -  15 

ProgreoQ-  -  --  --  --  - . 17 

Plems-  -  -  - - - - - - - - - -  10 

6.  ELECTRICAL  AND  MECHANICAL  MEASUREMENTS  ON 

TUBES  FOR  GUIDED  MISSILE  FUZING  (H-74,  N-75)  -----  19 

Description  -  -  -  -  -  -  -  -  - - 19 

Status-  -  -  -  -  -  -  - - - - -  -  10 

Progress-  -  -- . 19 

Strike  Voltage  -  Type  5643  Thyr^.tron  -  -  --  -  —  IQ 

Vibration  of  Subminiature  Tubes-  -  --  -  —  - .  20 

Effect  of  Shock  on  Subminiature  Tubes  - - - - -  21 

Reporting  -  -  -  -  - - —  _  21 

Plans-  -  - - - - - - - - -  21 


V 


7.  FUZE  TUBE  RESEARCH  (B3-80) . - .  22 

DeocFlgitioEi  -  --  --  --  — - - - - -  22 

Status  - - -  —  - - - - - -  22 

Progress - - - - -  =  2S 

Plaas  -  - - -  — -  23 

3.  HON-MICROPHOMIC,  SOGH-G,  TEIODE  OSCILLATOR  TUBS 

(N-92) . 24 

DsscrlptloQ - - 24 

Status  -  -  - - - - -  24 

Progreso  -  - - - - - - - -  28 

Plans  -  -  —  - - _____ - - - - —  —  28 

9.  REFLEX  KLYSTRON  RESEARCH  FOR  GUIDEB  MISSILE 

FUZING  (N-05) . . ----- .  27 

Description  - - - - - - - -  27 

Status  - - - - - - -  --  27 

"Floating  Drift  Tube"  ICiy^irou  —  — - 27 

Monotron - 27 

EliminatioEi  of  E,4ultiplQ -Transit  Electrons  in 

Reflex  Klyotrons-  - - -  -  —  - -  27 

Plasma  Ion  OscillatioEis  - . - . . 27 

Space  Charge  Effects  in  Klystrons . . .  28 

Progress  -  --  —  - -  —  — - - -  29 

Plans  -  - - - - - - - -  -  — -  30 

10.  TRANSMIT -RECEIVE  TUBE  EVALUATION  (N-00) .  31 

Description  - - —  —  —  -  31 

Status  -  - - 3^ 

Progress  -  --  --  --  --  --  --  --  --  --  --  --  32 

Plans  -  -  - - - - - - - - -  32 

11.  MAGNETRON  EVALUATION  (N-lOO) - -  -  - .  34 

Description  —  -  - - - - - - -  34 

Status  -  -  —  —  -  -  -  -  -  -  -  - - - -  34 

Progress  -  --  --  --  --  --  --  --  --  --  --  --  --  -  35 

Plans  -  35 

12.  DEVELOPMENT  OF  SUBMINIATURE  BEAM  DEFLECTION 

OSCILLATOR  FOR  VT  FUZES  (N-101) . 36 

Description  -  - - 36 

Status  -  --  --  --  --  --  --  --  --  --  --  --  --  --  -  36 

Progress  -  --  --  --  --  --  --  --  --  --  --  --  --  -  3i 

Plans  -  -  -  -  -  -  - - - - - -  38 


vl 


Fog©  M®. 

13.  TEANSSSTOES  iM-WZ) . 

Daocriptl^s . - . . .  3® 

Statue-  -  --  --  --  —  -  —  -  -  —  -  —  -  -  30 

Pr©greoo  -  --  --  --  --  --  --  --  —  -  --  --  -  —  -  30 

PlOBD - - ----  4® 


vU 

1 


1.  RUGGEDIZED  X-BAND  KLYSTRON  (N-57) 

C QNTRAC T  DAI  -  4 9 -  1 8  H  -  5  0 2  -  OR  D( P)  -  2 4 0  (Note  1) 

1.  1  DESCRIPTION 

This  project,  N-57,  covers  the  dovelo[)nient  of  an  X-banu  Jclyslroji 
suitable  for  p'uided  missile  fuzes.  The  R-1,  developed  at  a  contractor  (J), 
is  a  ruggedized  X-band  reflex  klystron  which  has  a  minimum  power  output 
of  100  mW.  The  primary  requirement  is  reliable  operation  under  a  wide 
variety  of  mechanical  and  electrical  conditions.  Tubes  are  required  to 
pass  mechanical  tests  in  the  following  order: 

(1)  Vibration  of  25  g  at  80  cps  for  one  minute; 

(2)  Eight  200-g  sliocks,  two  in  each  of  four  directions  with 
norma!  voltages  applied; 

(3)  Vibration  of  25  g  at  GO  cps  for  one  minute. 

1.  2  STATUS 

The  development  of  the  R-1  klystron  was  begun  at  the  contractor's 
in  September  1948  to  provide  the  oscillator  for  guided  missile  fuzes.  The 
Electron  Tube  Branch  of  the  Diamond  Ordnance  Fuze  Laboratories  has 
monitored  the  technical  work,  evaluated  the  tubes  produced,  assisted  in 
the  solutions  to  the  various  tube  development  problems,  and  investigated 
the  characteristics  of  the  R-1  as  they  affect  the  use  of  the  tube.  This 
development  has  l^een  succcssfu' 

The  [jrincipal  requirements  foi'  the  tube  were  100  mW  minimum  of 
power,  wideband  FM  characteristics,  reliability  under  shock  and  vibration 
conditions  encountered  in  guided  missiles,  low  AM  distortion,  and  long 
ohe''’  life.  The  pov/er  and  electronic  tuning  characteristics  were  achieved 
very  eaidy  in  the  program.  The  initial  design  of  the  tube  also  had  the  re¬ 
quired  resistance  to  shock  and  the  required  low  microphonia  output,  The 
R-  1  was  the  first  really  rugged  and  noii-microphonic  klystron  to  be  devel¬ 
oped  and  has  scr'ved  as  a  prototype  for  a  series  of  rugged  klystrons  used 
in  applications  other  than  guided  missile  fuzes.  The  most  difficult  prob¬ 
lems  encountered  were: 

(1)  Erratic  operation  under  vibration,  due  to  minute  loose 
particles  in  the  tube; 
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(2)  Spurious  modulation  of  the  output,  due  to  ion  plasma 
oscillations  in  the  electron  beam. 


An  extensive  series  of  tests  and  inspections  carried  on  at  the  Diamond 
Ordnance  Fuze  Laboratories  located  the  source  of  the  particles,  and  the 
introduction  of  refined  productiozi  processes  by  the  contractor  and  careful 
inspection  procedures  eliminated  the  problem. 

Plasma  oscillation  effects  detected  in  these  tubes  have  been  reduced 
to  insignificance  by  a  change  in  grid  design.  This  change  consisted  of 
introducing  a  hole  of  suitable  diameter  in  the  smoother  grid.  This  hole 
eliminated  the  trapping  of  ions  in  the  drift  space.  Study  of  this  problem  in 
the  R-1  has  contributed  to  a  better  basic  understanding  of  the  phenomenon. 
Prior  to  this  work  the  cause  of  the  spurious,  modulations  was  not  known. 

During  the  course  of  development  the  contractor  carried  out  an 
improvement  program,  based  on  experience  with  production  tubes,  which 
had  as  its  objective  the  development  of  a  tube  with  superior  performance. 
This  resulted  in  a  ceramic  tube  of  reduced  size,  and  improved  mechanical 
ruggedness,  together  with  a  reduction  of  AM  distortion  and  a  reduction  of 
variation  of  modulation  sensitivity  with  beam  voltage. 

The  current  tubes  are  the  R-IA  and  the  R-  IB.  The  R-1  A  is  the  first 
production  version  of  the  R-1,  and  has  /dass  seals  and  a  glassed  waveguide 
output.  The  R-1  A  incorporates  optimized  cathode  and  repeller  shapes  as 
well  as  a  thick  first  r-f  grid  to  reduce  multiple  transit  electrons  without 
reducing  power  output  and  bandwidth.  The  R-IB  is  an  improved  design  of 
the  R-IA  incorporating  metal-to-ceramic  seals  and  reduced  size;  and  is 
designed  to  have  the  following  improved  performance  characteristics: 

(1)  Reduction  in  the  variation  of  modulation  sensitivity  witli 
beam  voltage  to  less  than  20%.  (Present  tubes  vary  from  3%  to  35%.  ) 

(2)  Reduction  in  frequency  change,  with  temperature,  to  less 
than  250  kc/^C,  and  a  shift  of  loss  than  20  me  in  five  minutes  after  the 
tube  has  nad  a  30-second  warm-  up.  (Pre.scnt  tubes  have  a  frequency 
change  of  about  600  kc/^C  and  a  shift  of  about  65  me  in  a  five-minute 
period. ) 


(3)  Minimum  pov/ci-  output  120  rnW.  (rr-esent  requirements  on 
R-IA  is  100  mW. ) 
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(4)  Minimum  electronic  bandwidth  ±25  me.  (Present  require¬ 
ment  on  R-IA  is  ±20  me.) 

(5)  Long  life  operation  at  350°C.  (Currently  an  envelope  tem¬ 
perature  of  250°C  is  the  maximum.) 

(6)  Five-year  shelf  life.  (Present  tubes  have  at  least  one-year 
shelf  life,  and  the  limit  has  not  yet  been  determined.) 

Work  on  the  R-IB  has  progressed  to  the  point  where  tubes  with  ceramic- 
to-metal  seals  are  being  produced  on  an  experimental  basis  with  exceptionally 
high  yields.  Measurements  on  the  R-IB  show  less  variation  in  electrical 
parameters  than  in  the  R-IA,  and  indicate  that  the  R-IR  can  be  manufactured 
to  meet  all  six  design  objectives  listed  above. 

However,  an  effect  previously  found  on  only  a  small  percentage  of  R-IA 
tubes  has  been  found  to  occur  on  about  50%  of  the  first  R-lB's.  The  effect 
is  a  5-  to  30-cps  fluctuation  of  the  output  frequency  when  the  tube  is  modu¬ 
lated  at  a  rate  within  the  range  0,  6  to  1.2  me.  The  rate  of  modulation  and 
the  deviation  required  to  cause  this  low-frequency  fluctuation  has  been  found 
to  vary  from  tube  to  tube  and  with  heater  power  and  body  temperature.  From 
experiments  performed  thus  far,  it  appears  that  the  cccurrence  of  the  phe¬ 
nomenon  is  related  to  cathode  activation  temperature  and  drift  tube  design. 

The  development  contract  has  been  extended  to  find  a  solution  to  the  problem. 

1.3  PROGRESS 

Ten  tubes,  produced  at  the  end  of  the  last  quarter,  using  reduced  heater 
power  for  cathode  activation,  revealed  no  induced  freciuency  fluctuations  on 
first  test.  However,  all  of  the  tubes  exhibited  the  phenomenon  after  aging 
from  4  to  8  hours.  Further  testing  of  earlier  R-IB's  revealed  that  frequency 
fluctuations  could  also  be  induced  in  all  of  these  tubes  when  aged  for  approxi¬ 
mately  one  hour  or  more. 

Since  the  R-IB  operates  at  a  lower  body  temperature  than  the  R-IA 
because  of  better  heat  conduction  through  the  waveguide  flange,  number 
of  R-lA's  were  checked  for  induced  frequency  fluctuations  while  the  body 
was  cooled  with  a  fan.  It  was  found  that,  after  5  hours  aging,  virtually 
all  of  these  tubes  also  had  induced  fluctuations  when  the  body  was  cooled. 
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Less  than  10%  of  the  tubes  exhibited  the  phsaomaionat  normal  body  tempera¬ 
tures  after  8 -hours  aging.  The  theory  that  a  certain  amount  of  cathode  coat¬ 
ing  evaporation  must  occur  in  order  to  induce  the  fluctuations  was  substan¬ 
tiated  by  aging  a  number  of  tubes  with  various  heater  voltages  applied.  V/ith 
body  cooling,  tubes  aged  with  a  heater  voltage  of  7  volts  developed  frequency 
fluctuations  in  approximately  1.5  hours;  tubes  aged  with  a  heater  voltage  of 
5.7  volts  required  approximately  6  hours. 

The  above  observations  indicated  that  a  somewhat  drastic  redesign  of 
the  tube  structure  was  necessary  to  rid  it  of  induced  plasma  oscillation 
effects.  Work  was  started  on  redesigning  the  electron  gun  and  the  r-f  gap. 
Several  tubes  were  made  with  coarse  second  r-f  grids  and  several  with  a 
hole  in  the  second  r-f  grids  with  the  idea  of  draining  any  ions  collected  in 
the  potential  minimum  within  the  r-f  gap.  All  of  these  tubes  re'quired  more 
than  40-hours  aging  before  developing  induced  frequency  fluctions. 


The  new  electron  gun  was  designed  so  that  the  accelerator  grid  could 
be  removed  completely  to  bring  about  a  more  thorough  drainage  of  ions  from 
the  trap  within  the  drift  tube.  Also,  the  area  of  the  emitting  surface  was  in¬ 
creased  so  that  lower  cathode  operating  temperatures  might  be  possible. 

Of  ten  tubes  produced  with  this  gun,  none  had  induced  frequency  fluctuations 
after  600-hours  aging.  The  warm-uo  time  of  these  tubes,  however,  was  far 
greater  than  that  acceptable  for  some  applications.  Accordingly,  the  grid¬ 
less  gun  was  redesigned  using  an  emitting  surface  very  nearly  the  same  as 
that  of  older  tubes.  The  first  tubes  of  this  design  did  not  reveal  induced 
fluctuations  after  several  hundred  hours  aging  but  after  slight  changes  were 
made  in  the  focus  electrode  design  to  optimize  efficiency,  two  tubes  of  this 
optimum  design  exhibited  induced  frequency  fluctuations  after  approximately 
40-hours  aging.  Tubes  incorporating  both  the  gridless  gun  and  the  coarse 
grids  are  now  being  processed. 


Twenty-five  additional  R-  lA»s  made  by  another  contractor  (2)  were 
given  production  tests  so  that  a  comparison  could  be  made  with  an  earlier 
lot.  Mechanical  test  results  cf  this  later  lot  (Feb  '55)  were  very  similar  to 
those  obtained  with  the  first  lot  (Feb  '54).  Electrical  tests,  however,  re¬ 
vealed  an  increase  in  average  power  output  of  approximately  10%,  an 
increase  in  average  bandwidth  of  approximately  30%,  and  an  increase  of 
average  variation  of  modulation  sensitivity  of  approximately  90%. 


As  a  check  of  long-term  mechanical  reliability,  10  typical  R-lA's  were 
vibrated  for  20  hours  at  25  g.  Since  no  resonances  below  1000  cps  could  be 
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found,  the  tubes  were  vibrated  at  60  cps  to  simplify  the  test.  None  of  the 
10  failed. 

1.4  PLANS 

The  investigation  into  a  remedy  for  modulation- induced  frequency  fluc¬ 
tuations  will  continue,  with  the  construction  of  experimental  tubes  incorporat¬ 
ing  various  designs  to  reduce  ion  trapping  and  secondary  emission. 
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'  7S^^n7r^CT~DAii-49-186-502-ORD(P)-191  (Not®  3) 


2.1  DESCRIPTION 

This  oroiect  N-67,  covers  the  development  of  an  improved  eubroinia- 
inis  •Hi  -  T-i -.1  n't  'T''h«  i->V»Tf>r*1-iy0  of 

ture  triode  oscillator  for  use^ in  electrical  noierproperties 

r^tiW  Le“tX;:  ‘xhe^P-  oo:  bein,  dove.ped  u^der^contract  ,3,. 
is  a  T-3  glass  envelope  tube  with  a  filamentary  oa  •  i  40  v 

Lrlcteristics  of  the^ube  arm  Ef  ^  v.  If  =  ^ 

B  -  -7.5  V,  Ih  =  10  mA,  Gm  '  1520  micromhos,  Mu  -  o.-,  plate  dissip 

tion  =1.5  watts,  warm-up  lime  =0.10  second. 

2.2  STATUS 

When  the  task  of  decreasing  oscillator 
three  problems  were  found  to  exist.  These  were  identified  as  follows. 

(1)  Quiescent  noise.  Quiescent  noise  consists  of  momentary 

across  a  10.000-ohm  plate  load,  when  the  tube  operates  as  a  class  A 
amplifier. 

(2)  Oscillation  self  noise.  This  noise  is  characterised  by 

tarv  changes  in  the  developed  grid  bias,  when  the  tube  is  operating  as  a 
class  C  ofcillator,  which  is  of  such  amplitude  and  time  li_ 

portion  of  the  frequency  spectrum  falls  within  Ihe  band 

-iracte  t , 

mroarareters  oTthfnoise  disturbances  having  common  specifications  in 
me  ?w"its  in  both  cases  the  majority  of  the  no.se  occurrences  are 
indicative  of  momentary  reductions  m  space  curren.. 

(3)  Microphonic  noise.  Microphonic  noise  defined  as  tho^c 

rcLr  s^^b^terrme-ric^i  fr sthfn  :o;nr::j£:f  jhicruy 

as  in  (t)  above.  In  the  investigations  conducted  here,  tee  q 
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white  noise  vibration,  developed  at  this  laboratory,  has  been  used.  The 
tubes  are  vibrated  with  a  white  noise  excitation  of  10  g  integiate^  value 
over  the  band  from  100  to  10,000  cps.  It  is  to  be  noted  that  the  vibration 
test  is  a  summation  of  both  quiescent  and  microphonic  noise  unless  special 
precautions  are  taken  to  separate  them. 


Measurable  success  was  first  attained  in  the  solution  of  the  micro - 
phonic  noise  problem.  A  few  quick-,  yet  major  steps  resulted  in  a  signifi¬ 
cant  reduction  in  the  vibraiion-rioitie  output  of  the  tube.  The  shortening  of 


the  length  of  the  tube  structure' resulted  in  a  more  rigid  mount  and  an  in¬ 
crease  in  the  natural  resonant  frequency  of  the  filament.  This  placed  the 
filament  frequency  at  a  point  in  the  spectrum  where  the  probability  of  inter¬ 
action  with  other  electrode  resonances  v;a8  reduced.  The  present  design  of 
the  QF-700  does  not,  however,  completely  meet  tine  vibration  requirements 
for  this  development;  it  is  still  under  intensive  study. 


The  first  phase  of  the  noise  study,  namely  the  quiescent  noise  problem, 
has  been  esaentially  solved.  The  psreenta^  of  tubes  which  fail  to  meet 
specifications  for  this  reauon  is  down  t©  q  few  percent.  Several  factors 
were  found  to  contribute  to  the  reduction  of  Uiis  type  of  noise.  The  most 


effective  steps  tahen  inciuacd  use  Oi  an  eraciosed  ariode,  elimmation  of  osidized 
surfaces  within  the  mount,  reduction  of  the  gas  content,  and  protection  of  the 
mica  spacers  from  bombardment  by  electrons.  The  last  was  accomplished 
by  the  use  of  grid  bands  and  shields,  thereby  closing  the  ends  of  ^he  grid  struc¬ 
ture  to  the  passage  of  stray  electrons. 


The  second,  and  more  complex,  phase  of  the  work  that  is  still  under  in¬ 
vestigation  is  the  noise  produced  when  the  tube  iei  oscillating.  In  geueral, 
the  solutions  that  have  resulted  in  the  reduction  of  quiescent  noise  have  con¬ 
tributed  markedly  to  the  solution  of  this  problem.  The  oscillating  condition, 
however,  introduces  unique  problems,  including  primary  and  secondary 
electron  emission  from  the  grid.  These  effects  are  particularly  troublesome 
siiice  they  contribute  heavily  to  the  generation  of  spurious  noise.  Although 
means  of  reducing  these  emissions  are  currently  under  investigation,  a  com¬ 
plete  elimination  of  secondary  grid  electrons  introduces  another  problem.  It 
has  been  found  that  this  elimination  results  in  an  apparent  decrease  in  the 
tube  input  impedance  with  the  result  that  circuit  loading  and  reduced  developed 
i)ias  are  experienced.  Therefore  the  solution  to  this  problem  lies  in  the  con¬ 
trol  rather  than  elimination  of  secondary  grid  emission.  Structural  designs 
that  so  control  the  trajectories  of  the  electrons  as  to  eliminate  insulator  bombard¬ 
ment  are  being  considered. 
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Quiescent  noise  is  no  longer  considered  a  problem,  since  causes  have 
been  discovered,  and  precautionary  methods  adopted,  so  that  less  than  five 
percent  of  the  tubes  exhibit  noise  outputs  that  exceed  10  millivolts.  Most 
tubes  show  no  noise  greater  than  the  one -millivolt  ambient  noise  level  of 


present  test  equipment.  Because  of  progress  in  this  phase  of  the  program, 
major  effort  is  being  devoted  to  the  problems  of  oscillation  and  microphonic 
noise.  It  is  believed  that  the  major  specific  mechanism  causing  oscillation 
noise  in  the  tube  has  been  discovered  and  investigations  are  iii  progress  to 
exploit  the  theoretical  findings.  Similarly,  a  better  understanding  of  the 
microphonic-noise  mechanism  has  been  attained,  and  emphasis  is  being 
placed  on  this  problem  in  an  attempt  to  provide  tubes  of  the  desired  quality 
for  the  more  critical  fuze  applications. 


Experimentation  has  revealed  one  of  tht  chief  sources  of  microphonic 
noise  output  to  be  the  intermodulation  between  the  natural  resonances  of  the 
filament  and  other  structural  components  of  the  mount.  This  problem  is 
complicated  by  a  drift  of  the  filament  resonant  frequency  during  warm-up, 
which  amounts  in  some  tubes  to  as  much  as  2000  cycles  per  second.  This 
is  a  change  of  25  percent  in  filament  frequency.  A  mixing  and  detecting 
action  has  been  found  also  to  occur  to  a  lesser  degree  between  the  resonant 
frequencies  of  the  two  filament  strands.  Noise  output  is  observed  when  this 
difference  frequency  is  in  the  passband  of  the  amplifier.  It  is  believed  that 
this  phenomenon  is  attributable  to  the  fact  that  the  effective  emitting  area 
of  the  filamentary  cathode  of  the  tube  is  modulated  by  the  variation  in  the 
proximity  of  tlie  filament  strands  to  each  other.  Theoretical  proof  of  this 
has  been  derived  to  substantiate  observatio.is.  A  similar  action  between  the 
filament  strands  and  the  grid  side  rods  has  been  found  to  be  the  source  of 
the  higa  output  of  fundamental  filamerit  frequency  in  an  electrically  centered 
tube.  This  latter  source  of  microphonics  is  minimized  by  maintaining  a 
minimum  separation  between  filaments. 

Another  source  of  noise  has  been  found  to  arise  from  variations  in  i-hv- 
plane  of  vibratmn  of  the  filament.  At  10  g  excitation  level  this  is  a  second 
order  effect,  but  under  sine -wave  excitation,  or  at  higher  noise  excitations, 
it  may  be  of  importance. 


2.3  PROGRESS 

The  effort  on  this  project  for  the  past  quarter  has  been  devoted  almost 
exclusively  to  the  development  of  improved  tubes  based  on  the  present 
knowledge  of  the  microphonic  problem.  Preiiminary  tests  of  C-4  construction 
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(see  Progress  Report  PR-55-25,  January- March  1955)  in  actual  fuzes  indi¬ 
cated  low  sensitivity.  Sensitivity  of  the  C-4 

whereas  N-67's  averaged  about  4.5.  It  has  been  observed  that  tubes  with 
high  input  capacitance  often  perform  poorly  as  oscillators  in  fuze 
therefore,  the  low  sensitivity  of  the  C-4  tubes  probably  can  be  attributed  to 
the  high  input  capacitance  of  that  design.  The  emphasis  nas  been  trans¬ 
ferred  to  "G”  construction  which  was  -’^.scribed  in  the  last  Quarterly 
Progress  Report  (PR  =  55-25,  January-March  1955).  Modified  versions  o 
-G-  construction  have  given  good  results  in  the  laboratory  on  both  oscil¬ 
lator  performance  and  noise  characteristics. 

The  associated  investigative  programs  of  this  project  have  been  con- 
tinu3d.  The  filament  motion  study,  utUizing  the  special  double-anode  diodes, 
has  concentrated  upon  an  analysis  of  filament  motions  relative  to  ‘he  v^ious 
configurations  of  the  filament  suspension.  The  first  phase  of  this  has 

been  completed  and  future  work  wUl  be  directed  toward  tmding  methods  of 
minimizing  filament  motion  effects. 

2.4  PLANS 

The  major  objective  for  the  coming  period  will  be  to  complete  the  exam¬ 
ination  of  the  C-4  and  "G"  construction  tubes,  including  full  circuit  evaluation 
and  field  tests  where  possible.  The  results  of  these 

used  to  determine  thj  future  form  to  be  taken  by  the  QF-700.  In  addition,  all 
currently  active  portions  of  the  investigative  phase  of  this  project  will  continue. 


3. 


PUODUCTION  TiiiSTS  AND  FRANKFOKP  AHS i3I\' A  L,  LIAISON  VVOUK 
{N-G7F) 


3.1  DESCRIPTION 


De)F 


This  project,  N”G7P,  covers  tlic  proiuiclion  testing  of  the 
Lj  for  use  in  the  coristi’uction  of  (jx()erinicnta,l  iu/.es, 


N-G7 


Iriode  at 


3,2  STATUS 

The  N-G7  incorporates  niost  of  the  pi’oveii  features  of  the  Ql'“700  tube, 
which  is  still  under  development.  It  has  been  released  for  fuze  production 
and  is  being  used  as  the  oscillator  tube  in  most  of  the  current  bomb,  rocket, 
and  mortar  fuzes  under  development  as  well  as  those  in  production. 

At  present  the  project  is  providing  tubes  to  the  various  programs  in 
order  to  maintain  fuze  production.  Tubes  are  also  being  supplied  to  Zenith, 
Emerson,  and  the  University  of  Florida  for  use  in  their  work  on  fuze  research 

and  production. 


3.3  PROGRESS 

Production  tests  were  conducted  on  2427  tubes.  Tubes  subjected  to  tests 
under  rocket  specifications  were  31  percent  acceptab.le,  while  those  tested 
under  mortar  and  bomb  specifications  were  53  percent  acceptable.  A  total  o 
2235  tubes  were  supplied  to  the  following  programs-. 


T-750  (bomb) 

'r-2031  (rocket) 

'r-g93  b-nortar) 

T-790  (bomb) 

Radio  Research  (Florida) 

A  quantity  of  C^F-TOO  tubes  of  the  new  €^4  construction  were  included  in  the 
tubes  delivered  to  the  T-20G1  program  for  evaluation  in  the  rocket  fuze. 


3.4  PLANS 


All  future  work  concerned  with  the  N-67F  program 
to  Division  60  and  will  be  handled  by  llranch  03. 


is  being  tran.sferred 
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4.  DEVELOPMENT  OF  A  HIGH-G,  LOW  MICROPHONIC  TRIODE 

OSCILLATOR  (N-68) 

4.1  DESCRIPTION 

This  project,  covers  the  devel'proent  of  a  Bubminiature  fuze  oBcil- 

lator  triode  empleyLr.g  metal-tc- ceramic  seals,  and  based  on  a  conically- 
ahaped  structure  which  is  designed  to  withstand  greater  shock  and  have  lower 
microphonic  output  than  current  structures.  The  current  design  of  the  tube 
consists  of  a  conically- shaped  anode  and  confcrmLig  dome  -shaped  mesh  grid. 
The  filament  is  a  self-supporting  arch  structure. 

4.2  STATUS 

The  design  and  development  of  the  N-G8  tube  was  initiated  as  the  result 
of  a  request,  on  1  December  1949,  for  a  rugged,  non-microphonic  tube  of 
simplified  structure. 

The  main  contribution  toward  these  objectives  vja.s  the  development  of  a 
rugged,  hairpin-filament  structure  which  would  be  self-supporting  and,  more 
important,  would  withstand  high  shock.  The  further  development  included 
conforming  the  grid  and  anode  to  the  hairpin  shape,  evolving  finally  into  a 
dome-shaped  grid  and  anode,  the  whole  assembled  in  a  metallic -ceramic 
structure. 


The  lirst  fifteen  moriths’  effort  produced  various  structures  in  glass 
envelopes,  most  of  whi’ch  were  of  the  T-9  (1-1/8  inch  OD)  size.  While  the 
actual  structure  fitted  hito  a  T-3  bulb,  great  difficulty  was  experienced  in 
retaining  the  alignment  of  the  structure  during  glass -sealing.  However,  suf¬ 
ficient  T-3  samples  were  produced  to  indicate  the  val.ue  of  the  design  in  meet¬ 
ing  the  specified  requirements. 


In  March  1951,  aJ.l  effort,  was  turned  to  developing  a  metal-ceramic  ver¬ 
sion.  The  problems  ef  mctal-ceramic  seali.ng  and,  in  particular,  the  problem 
of  obtaining  uniform  distribution  of  heat  to  the  seals  had  to  be  worked  out. 

The  result  was  that,  while  satisfactory  tubes  were  sometimes  .made,  it  was 
not  until  1953  that  tubes  could  be  produced  with  uniformity  and  good  yield. 


Figure  7,  page  18,  National  Bu.rcau  cf  Standards  Report  5A119,  "Quarterly 
Progress  Report  cn  Electron  Tubes  for  Preximity  Fxizes,  1  December  1951  - 
3i  March  1952,"  .-ibows  the  details  of  the  first  naetal- c-'^ramic  tube  design. 
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The  cathode  is  an  oxide -coated  zirconium  ribbon.  Zirconium  was  chosen 
because  of  its  favorable  combination  of  electrical  and  mechanical  propertie 


Tubes  based  on  this  design  have 

been  made  with  the  following  averag' 

characteristics: 

Item 

Average 

Minimum 

Maximum 

Ef  (volts) 

1  a 

JL  f  *J 

1.3 

2.0 

Ip  (ma) 

4.01 

1.9 

12,0 

(pmhos) 

770. 

000. 

1200.0 

mu 

9.13 

0.0 

11.0 

Eg  (volts  on 

osc.) 

61. 

50. 

94. 

Resistance  (Interelcctrode) 

1 000  megohms 

Capacitance  (fg) 

2.30 

2.11 

2.09 

(gp) 

4.42 

4.18 

4 .00 

(fp) 

0.015 

0.006 

0.02 

Warm-up  time:  Of  the  order  of  1  second. 

Resistance  to  shock:  Up  to  40,000  g  in  gun  test. 

Work  has  been  done  on  the  design  described  in  progress  report 
PR-54-54,  1  January  -  31  March  1954.  The  cathode  is  .0003-in.  sheet 
titanium,  formed  into  a  conical  dome,  with  strengthening  grooves. 

Tubes  of  this  design  have  the  following  typical  characteristics: 

df  (volts)  0.05 

Ir  (amperes)  3,0 

Ip  (ma)  10. 
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(pmho.s) 

3500. 

rn  u 

10. 

al  (volts  on  one. ) 

6 

75. 

Sensitivity  (volts) 

8. 

Warm-up  time  (seconds) 

0. 

4.3  PKOGlirlSS 

Tube  construction  and  tube  quality  are  being  limited  by  the  quality  of 
the  filament  parts.  No  technique  used  to  date  has  been  entirely  satisfactory 
for  producing  these  parts.  Since  the  filaments  are  formed  from  material 
.0003  in.  thick,  there  is  some  question  as  to  whether  this  thin  material  can 
be  accurately  formed  by  commercial  methods.  Manufacturers  of  precision 
stamped  parts  in  the  jewelry  industry  feel  that  it  is  possible,  using  highly 
skilled  craftsmen,  to  produce  a  forming  die  capable  of  rapidly  forming 
these  parts  in  a  press.  The  die,  however,  v/ould  have  to  be  made  for  one 
specific  material,  and  have  a  definite  annealing  schedule. 

The  titanium  material  now  in  use  ha.s  proven  to  be  superior  to  other 
materials.  It  is,  however,  permanently  hardened  after  being  heated  in 
oxygen,  nitrogen,  or  water  vapor.  Only  work  hardening  can  be  annealed  out 
in  vacuum  or  in  inert,'»ury  gas,  „  -  .v 

Tubes  made  with  glass  envelopes  also  show  tliat  these  filaments  can  be 
cracked  by  bending  the  filament  leads.  A  check  on  some  open  filament  tubes 
showed  this  to  be  the  cause  of  failure.  The  filament  coating  also  shows  poor 
adherence  when  the  coaling  is  of  the  desired  thickness. 

An  apparatus  was  devised  to  Lest  the  strength  of  filaments  of  various 
materials  while  heated  in  a  bell  jar.  Some  of  the  chromium  alloys  were 
found  to  compare  favorably  in  hot  strength  with  titanium,  adhered  well,  and  did 
not  tend  to  crack.  . . 

Tests  with  nickel  show  poor  results  due  to  its  softness  at  the  elevated 
temperature,  and  the  need  for  a  high  liealing  current.  Some  tests  with  nickel 
in  the  form  of  a  mesh  (heavier  than  used  in  earlier  tests)  show  good  per¬ 
formance  and  good  adherence  of  the  oxide  coating.  A  chromium  plated  nickel 
mesh  also  gave  good  results. 
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A  few  tubes  were  completed  with  Inconel- Chrome  alloy  filaments.  Initial 
test  results  on  these  tubes  appear  promising. 

4.4  PLANS 

(1)  Obtain  satisfactory  filament  parts. 

(2)  Produce  enough  tubes  for  circuit  tests. 
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5.  COLD  CATHODE  TRIGGER  TUBE  (N-71) 

CONTRACT  DAl-49-186^502-ORD(P)-192  (Note  3) 

CONTRACT  DAI-49-J186-502-ORD(P)-194  (Note  4) 

5. 1  DLSCRIPTIQN 

This  project,  N-71,  is  concerned  with  the  development  of  a  cold-cathode, 
gas-filled,  trigger  tube  with  a  very  high  input  impedance.  The  QF-391, 
developed  under  contract  (3),  is  a  submiiiiature  T2X3  tube  v/ith  barium  cathode, 
signal  grid,  keep-alive  auxiliary  grid,  and  anode.  (Figure  1,  page  23,  National 
Bureau  of  Standards  Report  5A119,  "Quarterly  Progress  Report  on  Electron 
Tubes  for  Proximity  Fuzes,  1  December  1951  -  March  1952,")  The  gas  filling 
is  a  mixture  containing  99%  Ne,  1%  A  at  27  cm  Hg  pressure.  Under  static  con¬ 
ditions  the  tube  operates  in  the  Tov/nsend  discharge  region,  with  a  conduction 
current  on  the  order  of  10'^  ampere.  The  tube  is  sensitive  to  a  positive  sig¬ 
nal,  and  when  triggered  is  capable  of  conducting  peak  currents  of  G  amperes 
or  more.  The  normal  anode-cathode  voltage  before  conduction  is  160  -  200  v 
dc.  In  addition  to  the  development  of  the  QF-391,  work  under  this  project  is 
conducted  on  other  types  of  trigger  tubes  and  voltage  regulator  tubes,  as 
noted  below. 

5.2  STATUS 

The  developirient  of  the  QF-301  was  initiated  in  Februarv  1947  under 
contract  (3).  The  original  specifications  were  amended  several  times  during 
the  course  of  the  development  and  each  time  improvements  v;ere  m.ade  in 
tube  performance. 

Work  was  suspended  at  the  contractor's  (3)  in  August  1949  to  afford  the 
sponsor  an  opportunity  to  examine  the  suitability  of  the  tube  for  its  expected 
application.  Results  of  this  study  were  oromising  and  the  work  was  reacti¬ 
vated  in  December  1950,-  A  pilot  production  run  of  several  thousand  tubes 
has  shown  tnat  it  is  entirely  feasible  to  make  this  tube-  on  automatic  machin¬ 
ery  at  reasonable  yields. 

It  was  found  that  utilization  of  the  QF-391  trigger  grid-anode  fjap  offered 
the  possibility  of  high  sensitivity  to  a  negative  signal  and  an  extremely  high 
input  impedance.  The  development  of  a  tube  specifically  designed  to  capi¬ 
talize  on  this  fac>\  'was  initiated,  and  led  to  the  QF-831,  lot  CA4,  which 
meets  the  requirements  but  demands  that  the  input  network  to  the  grid  be 
isolated  by  impedances  of  the  order  of  10^'^  ohms. 
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At  this  point  it  was  decided  to  try  to  develop  a  tube  which  retains  a 
reasonably  hijjh  value  of  input  impedance^  yet  permits  a  shunt  leakage  from 
grid  to  ground  of  the  order  of  10^®  to  10^ ^  ohms.  The  first  tube  to  exhibit 
these  characteristics  is  the  DG-3,  designed  to  be  used  in  a  circuit  in  which 
the  grid  operates  at  or  near  cathode  potential. 

Basic  studies  of  the  QF-391  static  and  dynamic  characteristics  have 
been  carried  on  at  the  DOFL  Electron  Tube  Branch  and  at  another 
contractor  (4). 

The  work  of  the  Tube  Branch  was  initially  concerned  with  the  measure¬ 
ment  and  interpretation  of  static  characteristics  of  the  QF-391,  and  has  been 
extended  to  include  ths  effects  of  such  changes  as  tube  geometry,  gas  fill,  and 
electrode  materials. 


The  djmamic  response  of  tube  and  circuit  is  under  investigation  by  the 
contractor  (4).  This  effort  is  directed  toward  a  study  of  the  effects  of  tube 
characteristics  on  circuit  behavior,  with  the  ultimate  goal  of  determining 
the  optimum  tube  characteristics  to  achieve  maximum-sensitivity. 

5.2.1  QF-391  is  the  cold  cathode  tetrode,  sensitive  to  the  application  of 
a  positive  signal.  No  further  development  on  this  tube  is  under  way. 

fj.2,2  OF-831  is  a  negative -signal  triode  now  under  active  development^ 
Two  designs  are  now  available;  (a)  Lot  CA4  v.'hich  offers  high  sensitivity 
and  repeatability  under  repeated  firings  but  requires  that  a  very  high  im¬ 
pedance  of  the  order  of  10^^  ohms  be  maintained  between  grid  and  ground 
in  a  floating  grid  circuit,  and  ^b)  Lot  DG3  which  offers  moderately  high  sensi¬ 
tivity  but  permits  an  impedance  of  the  order  of  lOlO  ohms  li-  sween  grid  and 
ground  in  a  non- floating- grid  circuit. 

5.2.3  QF-848  is  a  negative -signal  tetrode.  Since  the  triode  (QF-831) 
is  basically  simpler  and  perhaps  less  costly,  and  since  the  tetrode  has  not 
demonstrated  any  marked  advantp.ge  over  the  triode,  the  QF-840  has  not 
received  any  recent  attention. 

5.2.4  QF-847  is  a  1000-volt  triode  which  responds  to  either  a  positive 
or  negative  signal.  Development  work  on  this  is  reduced  to  low  priority. 


5.2.5  QF-840,  180  volts,  and  QF-840B,  240  volts,  are  voltage  regu¬ 
lators.  The  QF-840  and  QF-840B  are  satisfactory  for  their  intended 
applications.  It  is  believed  that  the  present  design  could  readily  be  adapted 
to  other  voltage  requirements  should  they  arise. 
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[3.  PUOGi •  .  .  '  ■  • 

During  the  past  quarter  major  emphasis  v/as  placed  on  securing  tubes 
of  maximum  sensitivity  and  repeatability,  v^hich  will  also  function  in.  a  .. 
circuit  tolerating  leakage  resistance  in  the  order  of  10^0  ohms.  In  partial  lar, 
effort  was  aimed  at  improving  tht?  repeatability  of  the  referenced-grid  type 
tube  (QF-8J1,  Lot  DG.'!)  which  shows  a  minimum  of  10  -  15%  unstable  tubes 
in  any  given  test,  and  an  average  deviation  of  ±40%  in  successive  readings  of 
volts  to  fire.  Variations  of  Lot  DG3  included  changes  in  geometry,  gas  filling, 
and  grid  position.  These  modifications  of  the  DG3  construction  did  not  result 
in  over-all  improved  repeatability. 

When  to.slcd  in  a  modified  floating- grid  circuit,  Itowever,  tliis  tube  showed 
improved  repeatability  but. was  sensitive  to  grid  to  ground  leakages  of  iO^*^ 
ohms. 

Improvements  in  repeatability  through  circuit  redesign  were  achieved 
by  biasing  the  grid  to  a  sensitive  point  by  means  of  a  capacitance  voltage 
divider  circuit.  Lot  CA4  tubes  (originally  designed  as  a  floating  grid  triode) 
were  used.  Preliminary  results  indicated  greatly  improved  repeatability 
over  the  DG3  with  a  tolerance  limit  on  leakage  of  about  5x10"  ohms  as  com¬ 
pared  to  10^®  ohms  for  the  DG3  in  the  referenced-grid  circuit  and  10^^  ohms 
for  the  CA4  operating  in  the  floating-grid  circuit. 

Two  new  designs,  developed  for  refcri;nccd-grid  type  operation,  show 
promise  of  combining  sensitivity  with  repeatability  and  tolerance  to  leakage 
resistance,  'I'hese  designs  are  (1)  a  tube  incorporating  an  auxiliary  cathode 
which,  in  limited  testing,  has  shown  very  good  repeatability  and  moderate 
sensitivity  with  1  or  2  seconds  regulating  time;  and  (2)  a  tube  employing  a 
cylindrical  cathode  and  anode  which  fires  at  low  voltage  (<i  volt)  v'.lth  good 
repeatability.  However,  the  average  regulation  time  is  about  18  seconds  and 
the  average  extinction  voltage  is  145  volts.  This  design  incorporates  a  trig¬ 
ger  grid  in  a  constemt  starting  voltage  diode. 

.Static  ch.m‘actGi'istic.s  of  the  tubes  of  current  interest  wore  measured. 
Additional  measurements  are  required  and  analysis  of  results  will  be  re¬ 
ported  in  the  next  quarter, 

A  general  analysi.s  is  in  progress  (4)  in  whicii  an  equivalent  circuit  of 
tlie  positive  signal  QF-301  is  approximated  and  solved  on  an  analog  computer. 
Revised  compuier  results  indicate  good  agreement  for  t ime-to-fii*e  at  high 
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rates-of-rise,  but  deviate  considerably  at  the  low  rates-of-rise.  Efforts  to 
check  the  computer  results  have  led  to  (1)  the  solution  of  a  simplified  ver¬ 
sion  of  the  original  non-linear  circuit;  (2)  the  analysis  of  a  similar  circuit 
containing  a  linear  inductance;  and  (3)  the  installation  of  a  bench  test  to  com¬ 
pile  data  on  actual  tubes. 

5.4  PLANS 

(1)  Continue  development  of  negative -signal  tubes  with  emphasis 
on  combining  sensitivity  with  repeatability  and  tolerance  to  leakage  re¬ 
sistance. 


(2)  Continue  laboratory  studies  of  tube  properties*  and  features  of 
tube  and  circuit  combinations. 

(3)  Continue  investigation  of  basic  mechanisms  of  trigger  tube 
operation. 
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8. 


ELECTRICAL  AND  MECHANICAL  MEASUREMENTS  ON  TUBES  FOR 
GUIDED  MISSILE  FUZING  (N-74,  N-75)  •  .  , ’ 

6.1  DESCRIPTION^ 

-  -i-C’jq  1'.  • 

These  projects,  N-74  and  N-TS,  cover  electrical  and  mechanical  measure¬ 
ments,  and  investigations  of  tubes  employed  in  guided  missile  fuzes  with  the 
following  specific  objectives: 

{!)  Determine  microphonic  disturbances  generated  by  tube  types  em¬ 
ployed  in  the  video-frequency  range,  when  operated  in  specific  circuitry  and 
subjected  to  40  --  10.000  cps  vibration  at  various  acceleration  levels. 

(2) .  Undertake  special  investigative  problems  as  assigned,  and  carry 
out  an  analysis  program  on  defective  tubes, 

(3)  Advise  work  sponsors  on  testing  and  quality  control  procedures 
to  be  employed  in  determining  electrical  and  mechanical  reliability  of  tubes, 

(4)  Determine  survival  under  specific  conditions  of  high  impact 
shock,  centrifuge  acceleration,  and  vibration. 

(5)  Establish  maximum  acceleration  values  and  a  concomitant  fre¬ 
quency  spectrum  for  tubes  employed,  without  sacrifice  of  original  electro¬ 
mechanical  operating  characteristics. 

6.2  STATUS 

Originally  established  in  July  1952.  these  projects  were  initially  inactive 
due  to  a  scarcity  of  scientific  manpower.  The  work  was  activated  toward  the 
latter  part  of  Fiscal  Year  1953,  and  various  problems  have  been  investigated. 

On  assignment,  shock  and  vibration  tests  have  been  completed  on  various 
subminiature  tube  t;jpes  in  specific  circuit  applications  and  a  general  environ¬ 
mental  program  is  being  considered.  Although  the  emphasis  has  been  on 
specific  applications  and  investigative  problems,  the  tendency  recently  has 
shifted  to  the  mechanical  environment  that  the  tubes  can  withstand. 

6.3  PROGRESS 

6.3.1  Strike  Voltage  -  Type  5643  Thi^Tatron 

The  question  has  arisen  as  to  the  effect  on  reliability  of  the  5643 
thyratron  when  "sparked"  with  a  high-voltage  Telsa  or  induction  coil. 
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This  question  originated  from  the  fact,  that  one  contractor  found  that  the  grid¬ 
firing  characteristic  changed  due  to  "sparking".  The  "sparking"  process  ia 
used  by  some  tube  manufacturers  to  eliminate  leakage  paths  across  Insulating 
surfaces  in  processing  tubes.  The  effects  of  this  process  on  tube  parameters 
and  life  are  a  subject  of  controversy. 


A  life-testing  rack  was  constructed  and  put  in  operation  with  ten 
thyratrons  to  study  the  effects  of  "sparking"  upon  these  tubes.  The  rack  was 
built  so  that  a  control  lot  of  "unsparked"  tubes  could  also  be  observed. 

Observations  indicate  that  "sparking"  produces  a  permanent  decrease 
in  tube  oscillation,  thereby  producing  a  higher  dc  tube  drop  within  the  thyra*- 
tron  and  appears  similar  to  an  accelerated  life  test  for  the  tubes.  This  oscil¬ 
lation^  developed  across  the  tube,  is  observed  to  be  as  great  as  9  volts  pealc-to- 
peak  when  the  tube  is  fired  with  a  square  pulse  on  the  plate  (the  tube  is  diode- 
connected  so  that  both  grids  are  connected  to  the  plate  -  MiL-E-ib  Pulsed 
Emission  Test).  The  frequency  of  this  oscillation  ranges  from  100  to  400  kc 
for  new  tubes  and  increases  to  values  above  a  few  megacycles  due  to 
"sparking"  or  operation  life.  A  few  minutes  of  "sparking"  not  only  increases 
the  frequency  but  can  reduce  the  amplitude  to  values  as  low  as  100  mV. 


In  othei  types  of  cii  cuiti  y,  where  the  tliyi  ati  on  is  fix  ed  with  the  gi  id, 
cathode-to-plate  oscillations  ranging  to  20  volts  (p-p)  are  observed  with  com¬ 
parable  frequencies.  "Sparking"  and  operation  life  have  very  little  effect 
in  raising  these  freauencies. 


The  oscillations  across  the  thyratron  appear  to  be  of  the  relaxation 
type,  caused  by  the  tube,  and  in  some  instances  influenced  by  external  cir- 
cuii;:ry. 


Experimental  work  on  this  problem  was  completed  during  the  last 
quarter,  and  a  technical  memorandum  v/as  prepared  on  the  analysis  during 
the  present  quarter. 

6.3,2  Vibration  of  Subrainiature  Tubes 

TJpiis  investigation  is  being  conducted  to  determine  the  effect  of  con¬ 
tinuous  vibration  at  the  frequency  of  maximum  response  belov/  1000  cps  with 
acceleration  levels  of  5,  10,  15  and  20  g. 

Preliminary  observations  indicate  that  the  condition  of  the  mica 
bumpers  could  be  a  fairly  reliable  index  of  tube  noise  and  life.  The  char¬ 
acteristics  observed  were  die  condition  of  the  cathode  sleeve  and  grid 
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rod  holes  in  the  mica  and  whether  or  not  the  mica  bumper  points  are  pressed 
tightly  against  the  glass.  This  fact  will  be  checked  constantly  in  future 
vibration  tests. 

A  separate  technical  memorandum  is  being  prepared  on  each  tube 
type  as  work  is  completed. 

'  r 

0.3,3  Effect  of  Shock  on  Subminiature  Tubes 

The  effect  of  repeated  shock  impulses  of  approximately  110  g  with 
an  impulse  time  of  8  milliseconds  will  be  the  object  of  this  investigation. 
Work  has  just  started  on  this  problem. 


0.3.4  Reporting 

A  technical  memorandum  "Defective  Subminiature  Tube  Analysis 
for  Fuze  Project  Reporting  Defect",  dated  8  June  1955,  was  issued.  By  re¬ 
quest,  technical  memoranda  were  sent  by  the  Tube  Laboratory  to  the 
various  fuze  projects  on  the  test  results  of  their  particular  tubes. 


0.4  PLANS 

(1)  A  general  environmental  (shock  and  vibration)  study  will  be 
made  on  all  subminiature  tubes  used  in  guided  missile  fuzing.  Shock  measure - 
ment.s  are  to  be  performed  at  approximately  110  g  with  an  impulse  time  of 

8  milliseconds.  Vibration  tests  will  be  made  at  20  g  from  40  to  1000  cycles. 
Tubes  used  as  class  A  amplifiers  will  be  vibrated  at  the  frequency  that  pro¬ 
duces  the  maximum  output. 

(2)  The  program  of  examination  and  reporting  upon  defective  tubes 
will  be  continued. 
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7.  FUZE  TUBE  RESEARCH  (N-89) 


7.1  DESCRIPTION 

This  project,  N-89,  is  concerned  with  basic  investigations  of  noise 
phenomena  encountered  in  fuze  tubes,  and  with  the  application  of  the  results 
of  these  investigations  to  improvement  of  fuze -tube  design, 

7.2  STATUS 

During  the  course  of  this  project  the  following  investigations  have  been 
carried  out: 

(1)  Study  of  the  origin  of  spike  noise  in  the  QF-700  tube.  It  was 
established  that  the  noise  arises  from  bombardment  of  insulating  surfaces. 
As  a  result  of  this  study  bands  and  shields  were  found  tc  be  effectiye  in 
reducing  this  type  of  noise. 

(2)  Study  of  the  mechanism  of  noise  production  from  electron  bom¬ 
barded  insulators.  The  results  of  this  study  shov;ed  that  the  floating  surface 
potential  of  an  electron-bombarded  insulator  can,  under  certain  conditions, 
become  unstable,  and  a  sudden  shift  of  this  potential  can  give  rise  ta  spiiie 
noise. 


{3)  Study  of  the  effects  of  processing  on  tube  noise  and  stability 
in  the  QF-700.  As  a  result  of  this  work  an  understanding  of  the  origin  and 
nature  of  "climbing  plate  current"  and  means  for  its  control  has  been 
obtained. 


(4)  Study  of  the  contaminants  released  from  QF-700  tube  parts 
during  processing.  This  study  has  led  to  an  improved  processing  schedule 
which  minimizes  the  deleterious  effects  of  contaminants. 


The  study  of  the  mechanism  of  noise  production  from  electron- 
bombarded  insulators,  showed  that  the  secondary-emission  properties  of 
an  insulator  are  of  fundamental  importance  in  the  production  of  spike  noise. 
The  secondary-emission  coefficients  of  insulators  are  not  available  in  the 
literature.  A  complicating  feature  in  experiments  on  insulators  is  that 
layers  of  material  transferred  from  the  cathode  are  deposited  on  the  insu' 
lator  surfaces.  To  study  the  secondary  emitting  properties  of  insu.latorp. 


a  Special  bent -beam  tube  was 
not  exposed  to  the  cathode. 


constructed  so 


fVl  cs  f  4  £> 


insulator  targe* 


■J  « 
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7.3  PROGRESS 


Tests  were  made,  with  apparatus  developed  during  the  previous  quar¬ 
ter,  in  which  the  secondary  electron  emission  of  two  different  insulators 
is  compared  by  deflecting  the  primary  electron  beam  across  a  nickel 
target,  with  the  test  specimens  of  insulator  material  located  at  the  two  ends 
of  the  target.  The  beam  is  pulsed  once  on  the  insulator,  then  tv;ice  on  the 
nickel  target,  to  supply  sufficient  secondary  emission  to  restore  the  msulator 
to  its  initial  condition.  Some  of  the  primary  beam  was  intercepted  by  the 
deflecting  electrodes  on  the  first  tests  causing  a  loss  in  primary  beam  cur¬ 
rent.  This  was  corrected  by  flaring  the  deflection  plates.  Stray  current  was 
found  to  be  striking  the  glass  envelope,  and  additional  shielding  was  required 
around  the  target  structure. 

A  comparative  test  between  an  uncoated  mica  and  a  mica  specimen  spray- 
coatcd  v./ilh  Mg02,  showed  higher  secondary  emission  current  from  the  un’- 
coated  mica.  There  is  still  considerable  uncertainty  as  to  the  accuracy  of  the 
measurements-  The  value  of  the  measured  secondary  emission  ratio  appears 
to  be  too  low,  and  the  maximum  obtained  near  200  volts  appears  to  be  at  too 
low  a  voltage.  The  tests  were  interrupted  by  cathode  failure. 

Approximately  20  subminiature  oscillator  tubes  were  constructed  in  order 
to  obtain  an  improved  design  for  a  tube  structure  intended  to  test  the  possible 
improvement  in  the  signal- to- noise  ratio  in  a  fuze  tube.  Although  all  struc¬ 
tural  changes  are  not  completed,  these  tubes  show  several  improvements. 
Performance  is  found  to  be  better  than  for  the  earlier  tubes.  Tests  so  far 
appear  to  be  favorable,  though  further  tests  are  needed. 

7.4  PLANS 

fl)  Continue  development  of  secondary  emission  measurement 
techniques. 

(2)  Investigate  improved  fuze  tube  designs. 
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8.  NQN-MICROPHQWIC,  KIGH-G,  TRIQDE  OSCILLATOR  TUBE  (N-92) 

CONTRACT  DAI-49-186-502-ORD(P)-188  (Note  5) 

8.1  DESCRIPTION 

This  project,  N-92,  covers  the  development  of  subminiature  triode 
oscillators  which  would  use  glass-to-kovar  seals  and  tungsten- wound  ceramic 
cathodes.  The  contract  was  originally  assigned  to  a  contractor  (5)  for  the 
purpose  of  performing  research  and  development  to  evolve  the  design  of  a 
series  of  fuze  tubes  to  withstand  high  accelerations  and  to  be  non-microphonic 
This  project  v/as  speciTically  set  up  to  diverge  from  the  former  approaches 
to  the  problem  (i.e.,  improvements  in  hearing-aid  tubes),  and  it  was  stipu¬ 
lated  that  reproducibility  and  mass  production  be  stressed  as  paramount  objec 
tives.  The  tube  design  is  aimed  primarily  to  provide  tubes  for  high-g  fuzes 
and,  if  possible,  to  satisfy  the  requirements  of  fuzes  where  low  microphonic 
output  is  required.  The  BL-102  triode  is  the  first  of  the  above-mentioned 
series  and  is  intended  for  use  in  oscillators. 

8.2  STATUS 

In  November  1949,  the  contractor  <5)  was  requested  to  consider  the  prob¬ 
lem  of  developing  a  non-microphonic,  quick-heating  and  rugged  (40,000  g) 
triode,  suitable  for  use  in  fuze  oscillator  circuits.  The  contracior  was  re¬ 
quested  to  take  a  nev/  approach  to  the  problem,  rather  than  to  improve  exist¬ 
ing  filamentary  triodes  which  had  been  derived  from  hearing -aid  tube  de¬ 
signs.  A  tube  structure  utilizing  kovar-glass  sealing  techniques,  and 
eliminating  the  glass  base  and  mica  supports  of  conventional  tubes  was  con¬ 
ceived  by  the  contractor. 

From  the  reception  of  tliis  project^  the  major  effort  has  been  directed 
toward  overcoming  the  pr-oblems  involved  in  making  a  cathode  structure  to 
meet  these  requirements.  Initially.,  a  stretched  filamentary  cathode  was 
used  but  it  was  foii.nd  to  be  micropho.nic  due  to  the  low  resonant  frequency 
and  insufficiently  rugged  because  the  force  necessary  to  accelerate  the 
tensioning  spring  was  transmitted  to  the  filament. 

In  February  1952,  the  contractor  developed  the  so-called  "barber  pole" 
cathode.  This  consists  of  a  tungsten  ribbo.n  wound  in  a  spiral  on  a  ceramic 
red.  This  construction  was  attractive  from  its  inherent  non-microphonic 
properties  and  resistance  to  high-g  shock.  Diificulties  were  encountered  in 
adherence  of  the  coating  to  the  cati:ode,  and  of  the  nietal  spiral  to  the  ceramic. 
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TheBe  problems  have  been  overcome  by  overlaying  the  ceramic  with  powdered 
fire  brick.  This  material  has  compliance  which  is  sufficient  to  secure  the 
ribbon  filament  during  warm-up. 

The  N-92  triode  at  present  has  a  flat-strip  filament  spirally  wound 
around  a  0.040-in.  diameter  ceramic  rod,  and  is  appropriately  called  a 
"barber  pole,"  The  cathode  and  grid  structures  are  sealed  to  the  plate  with 
glass -kovar  seals.  A  KIC  getter  is  installed  between  the  plate  and  an  extra 
connection  which  is  brought  through  the  glass. 


At  present,  the  primary  requirements  on  the  tube  are: 

(1)  Withstand  setback  of  40,000  g  for  0.012  second  with  a  spin  of 
150  rps  on  a  3/ 8- in,  radius. 

(2)  Warrr.-up  time  not  greater  than  0.25  second. 

(3)  Filament  supply  voltage  of  1.3  to  2.5  volts  with  1.3  amperes 
maximum, 

(4)  Microphonic  and  self-noise  output  shall  not  be  greater  than  10  mv 
when  subjected  to  IG  g  of  white  noise  from  100  -  10,000  cps. 

(5)  Size  shall  be  approximately  T-2  or  T-3  and  not  to  exceed  1.15  in. 

in  length. 

(6)  Tube  shall  develop  the  maximum  bias  consistent  with  a  maximum 
sensitivity-to-noise  re.t.io  in  a  specified  oscillator  circuit. 

8.3  PROGRESS 

Eighty-four  tubes  were  received  during  this  quarter.  All  tubes  were  of 
the  double -eyelet,  basket  grid  typo  with  ,0685- in.  I.D.  grids  and  .089 -in.  I.D. 
plates.  The  design  was  frozen  throughout  this  period  so  that  complete  effort 
could  be  directed  toward  determining  the  cause  of  the  initial  drift  in  developed 
bias,  and  improving  the  emission. 

Initially,  tubes  v/ere  fabricated  v/ith  various  aggregates  of  firebrick  and 
one  lot  with  pure  .kaolin.  Results  indicated  that  the  aggregates  and  the  kaolin 
were  all  satisfactory,  and  were  not  contributing  to  drift  to  any  degree.  To 
evaluate  the  extent  diat  end-effects  were  contributing  to  drift,  tubes  wei“e 
fabricated  with  9  cathode  turns,  the  7  center  turns  oxide  coated  on  a 
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.200-1.1.  ceramic.  This  construction  did  not  expose  the  end  turns  directly 
U)  the  plate  hnd  drift  was  improved.  Copper  rods  were  inserted  in  the 
cathode  sleeves  of  the  same  model  and  drift  was  reduced  by  about  one  to 
two  volts.  These  tubes,  while  exhibiting  low  drift,  also  exhibited  relatively 
low  developed  bias  {36  v)  and  sensitivity  (2.6).  These  tubes  had  low  per- 
veance  as  exhibited  by  the  diode  curve,  and,  as  it  was  determined  that  the 
major  portion  of  the  drift  could  be  attributed  to  end-effects,  effort  was 
directed  toward  improving  emission  in  the  stock  tube.  As  this  period  closed, 
the  emission  has  been  improved  coiisiderably  by  a-c  aging  and  the  developed 
bias  ranged  between  50  -  60  volts. 


Reverse  w’inding  the  filament,  or  winding  the  filament  with  a  pitch  opposite 
to  that  of  the  grid,  has  considerably  reduced  the  spread  ir  the  values  of  Gjj^, 

Tp  and  p.  An  automatic  filament  v/inder  has  been  completed  and  v/ill  be 
e  'aluated  in  the  coming  period.  A  small  number  of  cathodes  were  electro¬ 
plated  by  a  process  developed  at  National  Bureau  of  Standards.  In  this 
process,  only  the  tungsten  ribbon  is  coated  with  emissive  material  without 
L  ider.  Tubes  were  fabricated  with  this  cathode,  and  showed  promise.  This 
method  of  coating  the  filament  will  be  investigated  further. 

8.4  PL.ANS 


The  major  emphasis  in  the  future  will  be  on  further  improvement  of  the 
emission  properties  of  the  tube,  and  on  modifying  the  cathode  to  eliminate 
end -effects. 
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y-  KEFLEX  KLYSTRON  RESEARCH  FOR  GUIDED  MISSILE  FUZING  (N-95) 


9.1  DESCEIPTION 

This  project,  (N-95),  covers  research  and  development  on  klystrons  for 
use  in  guided  missile  fuzing  applications. 

9.2  STATUS 

A  program  of  klystron  research  in  support  of  guided  missile  fuze  re¬ 
quirements  has  been  active  in  the  Electron  Tube  Laboratory  since  1950. 
Various  problems  of  interest  to  the  fuze  program  have  been  studied. 

9.2.1  The  "floating  drift  tube"  klystron  is  a  single -cavity,  two-gap 
klystron  with  a  drift  tube  w^hioh  can  be  voltage  modulated.  This  type  of  kly¬ 
stron  design  was  investigated  as  a  possible  replacement  for  the  reflex 
klystron,  since  it  has  the  advantage  of  a  smoother  mode  shape  and  requires 
only  one  power  supply.  Operable  tubes  were  designed  and  constructed,  and 
a  thorough  evaluation  of  their  capabilities  was  completed.  It  was  demon¬ 
strated  that  the  floating-drift  tube  had  a  smoother  mode  shape  than  the 
reflex  klystron;  however,  at  the  voltages  and  frequency  desired  for  fuze 
operation,  the  power  and  bandwidth  obta-inable  in  this  design  were  inadequate. 

It  was  concluded  that  under  the  conditions  imposed  by  current  guided  missile 
fuze  requirements  tiiis  design  did  not  offer  sufficient  promise  to  be  continued, 
although  this  type  of  klystron  is  applicable  in  high-voltage,  higher-power 
systems.  These  experiments  proved  that  multiple -transit  electrons  were  the 
cause  of  the  distortion  problem. 

9.2.2  The  monotron.  This  was  a  theoretical  study  only,  investi¬ 
gating  the  characteristics  of  several  types  of  single -cavity  oscillators  for 
fuze  use,  especially  at  higher  frequencies.  Some  interesting  new  theoretical 
results  were  obtained,  but  the  practical  ranges  of  voltages  and  frequencies 
were  not  useful  for  fuze  purposes. 

9.2.3  A  method  was  devised  for  eliminating  multiple -transit  electrons 
in  reflex  klystrons  by  spreading  the  beam  in  the  repeller  space.  The  method 
was  successful  insofar  as  multiple-transit  electrons  are  concerned,  and  it  is 
also  believed  that  the  tubes  now  being  investigated,  using  a  tilted  beam,  will 

be  at  least  as  free  from  distortion  and  will  be  more  'efficient  and  have  greater 
bandwidth. 

9.2.4  Pla.sma  ion  oscillations.  Ion  oscillations  were  observed  in  the 
R-1  klystron  about  January  1952.  It  was  observed  that  the  r-f  output  of  the 
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tube  instead  of  being  essentially  monochromatic,  often  contained  a  pair  of 
sidebands  whose  frequency  separation  from  the  carrier  was  somewhere 
between  600  kc  and  15  me.  the  most  usual  separation  being  about  5  -  6  me. 
Further  investigation  established  that  these  sidebands  were  at  times  as 
strong  as  40  db  below  the  carrier,  and  that  they  were  the  result  of  some 
phenomenon  which  produced  both  AM  and  FM  of  the  klystron  simultaneously. 
Interest  in  eliminating  these  sideband  signals  arose  after  it  was  established 
that,  in  missile  fuzing  systems  which  utilize  the  FM  spectrum  of  the  R-1,  the 
ion  oscillation  sidebands  could  cause  a  malfunction  of  the  fuze,  indeed,  in 
the  field,  the  misfire  cf  a  test  missile  has  been  attributed  on  at  least  one 
occasion  to  ion  oscillations  in  the  R-1.  Investigation  of  the  problem  re¬ 
vealed  that  ion  oscillations  can  occur  in  high- vacuum  electron  tubes  wherever 
the  electronic  configuration  permits  a  stable  potential  minimum  to  occur. 

The  early  models  of  the  R-1  did  possess  such  a  minimum,  and.it  was  found 
that  the  trouble  could  be  eliminated  by  leaving  a  0.050  in.  hole  in  the  center 
of  the  smoother  grid.  It  was  thought,  however,  that  an  effort  should  be  made 
to  explain,  insofar  as  possible,  the  necessary  physical  conditions  for  the 
existence  of  these  disturbances.  To  date  it  has  been  possible  to  amass  a 
considerable  amount  of  data  on  experimental  tubes,  to  obtain  three  distinct 
classes  of  disturbances,  and  to  eliminate  certain  theoretical  pictures  of  the 
nature  of  the  oscillations, 


9.2.5  Space  charge  effects  in  klystrons.  During  the  past  year  a 
theoretical  and  experimental  study  has  been  carried  out  on  the  effects  of 
the  d-c  field  of  the  space  charge  in  klystrons. 


The  calculation  of  space  charge  effects  in  reflex  klystrons  has  been 
completed  by  SEAC.  An  analytical  amall-signai  theory  of  the  same  problem 
has  also  been  obtained  a.nd  is  in  substantial  agreement  with  the  numerical 
calculations.  The  ana.lysis  of  space-charge  effects  has  been  extended  to 
cover  two -cavity  klystrons. 


A  report  describing  the  inflection-point  method  of  measuring  the 
loaded  Q  of  single-ended  cavities  is  being  prepared. 

A  ten- amplifier  electronic  analog  computer  has  been  ordered,  in 
addition,  a  nori-lLnear  function  generator  has  been  constructed.  With  this 
equipment  the  laboratory  will  be  able  to  solve  certain  mathematical  equa¬ 
tions  which  describe  the  perforrnance  of  certain  electron  tubes.  Some  of 
these  problems  are  listed  below: 

(1)  The  efficiency  of  the  monotron  oscillator  in  higher-order 
cavitv  modes. 
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(2)  The  firing  characteristics  of  certain  thyratron  >,riodeB. 

(3)  The  potential  distribution  in  a  planar  tetrode,  including  the 
effects  of  secondary  electrons. 


9.3  PROGRESS 

The  characteristics  of  a  reflex  klystron  are  poorly  predicted  by  xheories 
which  neglect  the  effects  of  spare  charge  in  the  tube.  In  particular,  the  over¬ 
all  efficiency  of  a  given  tube  will  be  many  times  less  than  the  theore  ica. 
value.  The  results  of  the  SEAC  calculations  are  being  compared  with  higuiy 
detailed  measurements  on  five  tubes.  It  appears  that  when  this  comparison 
is  completed  there  will  be  excellent  agreement  between  the  measured  char¬ 
acteristics  and  the  performance  predicted  by  the  new  theory  Some  of  the 
calculations  were  briefly  discussed  in  a  paper  presented  at  the  Conference 
on  Electron  Tube  Research,  East  Lansing.  Michigan,  on  June  13.  R  is  in¬ 
tended  that  a  paper  will  be  published  to  make  generally  available  the  results 

of  the  SEAC  work. 

A  study  is  being  made  of  the  performance  of  a  low-voltage,  low-power 
X-band  reflex  klystron  operated  as  a  direct  Doppler  detector.  Successfu. 
operation  depends  upon  the  fact  that  the  power  output  of  a  reflex  k.ystron  _ 
be  made  sensitive  to  the  load  presented  to  the  tube. 

component  of  the  load.  If  the  phase  of  the  load  varies  periodically,  the  power 
output  of  the  tube  will  vary  with  the  same  period.  It  has  been  possible  to  de¬ 
tect  reflected  signals  (from  a  4-kc  Doppler  wheel)  which  were 
90  db  below  the  outgoing  signal,  the  klystron  producing  a 

15  mW.  An  effort  is  being  made  to  achieve  100  db  or  greater  wiOi  10  mW  or 
less  without  resorting  to  imrrow-band  amplifiers  in  the  detector  circuit. 

An  investigation  concerning  the  operation  of  a  magnetron  oscillator 
extremely  short  pulse  conditions  has  been  started.  Very  little  is  known  abou 
the  behavior  of  a  magnetron  when  it  is  pulsed  for  a  time  which  is  comparable 
to  the  damping  time  of  the  cavity.  Analysis  of  the  oscillations  appear  to  be 
dii’ficull  when  the  tube  is  always  in  the  transient  condition.  Nevertheless 
pulses  of  the  order  of  2  x  10-»  second  duration  have  been  successfu„y 
to  an  X-band  magnetron.  In  order  to  achieve  high  range  resolution  in  a  rada 
system,  it  would  be  desirable  to  reduce  this  pulse  duration  It  should  be  pos¬ 
sible  to  do  this  at  a  higher  operating  frequency.  In  principle,  if  a  magnetro 
could  be  built  to  oscillate  at  a  few  mW  wavelength  and  could  oe  pulse  ai 
approximately  10-9  second,  a  range  resolution  on  the  order  of  a  few  inches 
could  be  obtained.  There  appear  to  be  many  applications  for  such  a  rada  . 
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9.4  PLANS 


A  paper  describing  spare  charge  effects  in  klystrons  v/ili  be  completed. 
The  computer  should  be  ready  for  problems  early  in  the  quarter.  A  program 
for  magnetron  study  will  be  established. 
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10.  TRANSMIT -HECEIVE  TUBE  EVALUATION  (N-99) 


10.1  DESCRIPTION 

Project  N-99  covers  the  evaluation  of  transmit-receive  (TR)  tubes,  and 
investigation  of  TR  tube  problems  which  are  of  importance  to  radar -type  fuzes 
for  guided  missiles.  The  TR  tube  should  be  characterized  by  mechanical  rug¬ 
gedness,  ,shou.’  '  ''.fford  adequate  crystal  protection  before  and  after  storage, 
and  have  a  recovery  time  which  permits  reliable  system  operation  at  ranges 
of  a  few  hundred  feet  when  used  in  conjunction  with  a  transmitter  delivering 
0.2/isec  pulses  of  90-kw  peak  power  at  a  pulse  repetition  rate  of  400  pps. 

10.2  STATUS 

Initially,  the  Type  BL-9  X-band  TR  (5)  was  chosen  for  experimental  use 
because  its  characteristics  approached  those  requirea.  V/hen  it  was  learned 
that  the  same  type  of  tube  could  be  obtained  without  a  gas  reservoir  (Type 
BL-30)  the  electrical  characteristics  of  the  tv/o  v/ere  compared.  After  it  was 
found  that  the  characteristics  were  similar,  the  type  BL-30  was  adopted  for 
use  because  of  its  smaller  physical  size,  lighter  weight,  and  more  rugged 
external  structure. 

Initial  measurements  of  characteristics  at  room  temperature  have  been 
made  on  106  tubes  comprising  six  specific  groups,  as  they  were  received  from 
the  manufacturer.  The  minimum  power  to  produce  the  v-f  discharge,  and  re  * 
covery  time  as  a  function  of  echo  signal  strength,  have  been  made  on  a  limited 
number  of  tubes.  Investigations  of  relaxation  oscillation  phenomena  have  been 
mad''  under  various  ignitor-circuit  operating  conditions.  These  were  simpli¬ 
fied  searches  to  determine  whether  any  serious  oscillatory  conditions  existed. 
R.epresentative  tubes  of  each  series  have  been  chosen  for  shelf-life  tests. 
These  tubes  are  being  stored  at  room  temperature,  and  periodic  checks  of 
their  characteristics  are  made. 


During  preliminary  vibration  tests  on  the  type  B1..-30,  ignitor  circuit 
failures  oci  urred  in  the  frequency  range  40  -  60  cps  at  15  g  acceleration. 
Because  of  these  failures,  more  extensive  vibration  tests  were  performed, 
and  it  was  found  that  the  glass  insulation  around  the  ignitor  electrode  was 
breaking  and  allowing  the  electrode  to  short.  To  overcome  this,  a  ceramic 
insulator  like  that  used  in  tne  BL-9  was  tried  and  resulted  in  considerable  un- 
provement.  Several  BL-30's  and  BL-9's  have  been  subjected  to  100  g  shock 
tests  with  no  harmful  effects  to  the  ignitor  circuit  evident. 
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Shelf-life  characteristics  of  the  type  BL-30  TR  tube  are  being  studied. 
The  results  after  one  year  show  an  increase  in  recovery  time  and  leakage 
power. 

The  characteristics  of  the  type  BL-95H  band-pass  TR  tube  are  being 
evaluated.  This  tube,  which  uses  quartz  woo)  as  a  filler  and  is  equipped  with 
a  thermostatically  controlled  heater,  has  shorter  recovery  time  and  should 
be  more  rugged  because  of  a  shorter  ignitor  electrode. 

The  spike  leakage  energy  of  the  BL-30  and  BL-95H  TR  tubes  is  being 
studied  using  the  variable-pulse -width  method. 

Work  on  an  X-band  viewing  system  to  study  the  leakage  power  char¬ 
acteristics  of  the  TR  tubes  is  continuing. 

10.3  PROGRESS 

Ten  BL-30  TR  tubes  were  received  during  the  quarter  from  the  manu¬ 
facturer  and  subjected  to  evaluation  tests.  None  showed  any  mechanical 
troubles  and  all  tubes  were  usable  electrically. 

Twenty  BL-95H  band-pass  TR  tubes  were  received  from  the  contractor 
(5)  and  are  at  present  undergoing  electrical  and  mechanical  evaluation.  The 
results  so  far  are  inconclusive. 

Tentative  purchase  specifications  for  the  BL-95H  TR  tube  have  been 
written. 

Spike  leakage  measurements  were  made  on  fifty  BL-30's  after  shelf 
aging  from  one  to  two  years.  All  of  the  tubes  passed  the  0.5  erg  specification 
after  one  year  shelf  life.  The  maximum  leakage  energy  was  0.345  ergs  and 
the  average  was  0.147  ergs. 

10.4  PLANS 

TR  tubes  that  are  received  will  be  evaluated  according  to  tentative 
specifications. 

Evaluation  of  BL-95H  type  TH's  now  on  hand  will  be  continued. 

Work  will  continue  on  the  study  of  spike  leakage  energy. 
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Development  work  will  continue  on  a  hilgh- voltage  ultra- fast  sweep  cir¬ 
cuit  used  on  the  high-speed  micro -osicillograph  X-band  viewing  dystem 
necessary  in  the  study  of  leakage  power  characteristics  of  the  TH  tubee. 
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1 1  MAr.NF.TRON  EVALUATION  (M-lOO) 


11,1  DESCRIPTION 

Proiect  N-lOO  is  for  the  purpose  of  evaluating  magnetrons  for  use  in 
euided-misBile  fuzes.  Problems  investigated  include  mechanical  ruggedness, 
stable  operation  after  storage,  effects  of  short  warm-up  time  and  loading  on 
starting  ability,  and  other  special  properties  required  in  fuze  use. 


11.2  STATUS 

This  proiect  was  initiated  in  July  1952  with  an  investigation  of  the  pos¬ 
sible  use  of  the  magnetrons  4J52  or  1,3036  (0).  The  aj52  is  an  X-band  60-k™ 
pulsed  magnetron  operated  at  15  kv,  16  a.  The  L3036  is  an  experimental,  rug- 
aedized  version  of  the  4J52.  Tests  on  a  small  number  of  lubes  established 
that  both  types  had  no  resonances  below  1200  cps.  In  addition,  the  tubes  would 
pass  the  following  tests  without  failure: 

500-g  shock  on  NRL  shock  machine,  and 
15-g  acceleration  from  60  -  500  cps. 

Both  the  4J52  and  the  L3036  had  a  heater  rattle  when  accelerated  above 
10  g  but  could  be  considered  mechanically  reliable  for  periods  of  vibration  of 
le4  than  one  hour.  From  these  and  other  tests  it  was  concluded  that  the  4J52 
was  sufficiently  rugged  for  the  intended  use  and  that  the  increased  rug^edness 
of  the  L3036  wL  not  sufficient  to  offset  its  additional  complexity  of  fabrication. 

Although  new  tubes  of  both  types  started  stably  with  a  cathode -condition¬ 
ing  lime  of  only  90  seconds,  there  were  indications  that  deterioration  of  start¬ 
ing  qualities  occurred  after  storage.  The  instabUity  of  these  tubes  was  foun 
to  be  caused  primarily  by  moding.  Very  little  sparking  occurred,  and  stabihty 
improved  somewhat  with  running  time.  This  starting  stability  was  improvcu 
considerably  by  reducing  the  rate  of  rise  of  the  applied  voltage  pulses  from 
225  kv/psec  to  170  kv/psec  but  the  reliability  of  stable  starting  with  only  a 
short  warm-up  after  storage  is  yet  to  be  determined. 

In  cconeration  with  the  manufacturer  (6),  a  specification  was  written  for  a 
orototype  4J52  to  include  requirements  necessary  (or  reliable  operation  under 
conditions  peculiar  to  guided  missile  applications.  The  tube  was  designated 
the  L3037.  It  is  effectively  a  4J52  fabricated  and  processed  with  extreme  care 
so  as  to  meet  more  stringent  stability  requirements  after  storage. 
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Present  work  involves  the  testing  of  new  and  old  tubes  both  electrioally 
and  mechanically,  and  serves  a  dual  purpose.  By  testing..^!  tubes  prior-  ta 
use  in  experimental  units,  the  probability  of  magnetron  failure  theee  units 
is  lessened,  while  data  is  obtained  to  determine  the  reliabUity  of  tubes  of 

various  lots. 


Each  shipment  of  L3037  tubes  receives  the  following  tests  in  sequence: 

(1)  After  a  warm-up  of  90  seconds,  measurements  are  made  of 
average  power  output,  fUament  current  and  missed  pulses  for  the  following 
condhions:  E,=  12.'6  v,  eprl4  kv.  rrv=170  kv/psec,  D„=10-^  prr=400  cps. 


(2)  One  200-g  shock  on  the  NRL  shock  machine  in  each  of  four  pos¬ 
sible  directions  while  filament  current  is  monitored. 

(3)  Fifteen  minutes  vibration  at  15  g,  60  cps,  while  spectrum  and 
filament  current  are  monitored. 


(4)  Repeat  test  (1). 

Tubes  not  required  for  immediate  use  are  stored  for  shelf- life  tests. 

11.3  PROGRESS 

Fifty-five  L3037  magnetrons  were  given  complete  electrical  and  mechan¬ 
ical  testL  All  of  the  tubes  passed  the  first  electrical  test  and  were  extremely 
stable.  After  a  warm-up  of  90  seconds,  a  maximum  of  0.15%  missed  pulses 

were  recorded. 

Mechanical  test  results  were  not  so  favorable,  however.  All  of  the  tubes 
passed  the  shock  tests  but  four  developed  open  heaters  on  vibration.  E.xamma- 
Uon  of  these  four  revealed  that  all  heaters  failed  at  a  point  adjacent  o  the 
-ater -cathode  weld.  Accordingly,  an  investigation  was  inuiatcd  by  the  manu 
lacturer  to  determine  a  means  oi  correcting  this  weakness.  Pending  comple- 
tK>n  of  Uiis  investigation,  the  shipment  of  tubes  has  been  discontinued. 

11.4  FLAMS 

It  is  expected  that  tube  shipments  and  mechanical  evaluation  testing  will 
be  resumed  in  August.  Ln  addition,  stored  tubes  will  be  checked  for  effects  of 

shelf  life. 
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12.  DEVELOPMENT  OF  SUBMINIATURE  BEAWI  DEFLECTION  OSCILLATOR 
FOR  VT  FUZES  (N-101) 

CONTRACT  DAI-49->186-5Q2-QRD(P)-193  (Note  3) 

12.1  DESCRIPTION 

Project  N-101  covers  the  development  of  a  QF-826  beam -deflection  oscil¬ 
lator  tube  with  a  filamentary  cathode.  The  tube  is  in  a  T-3  glass  envelope,  and 
is  operable  as  an  oscillator  in  the  frequency  range  from  low  audio  to  mid-UHF, 

A  schematic  drawing  of  the  tube  is  given  in  Progress  Report  PR- 54-69, 

1  April  -  30  June  1954.  The  principles  of  operation  are  given  in  the  same  report. 

12.2  STATUS 

The  QF-826  beam  deflection  tube  was  invented  by  Dr.  Robert  Adler  of  the 
Zenith  Radio  Corporation.  The  QF-82G  project  was  formally  authorized  on 
10  September  1952.  A  contractor  (3)  is  developing  the  tube  for  improved  elec¬ 
trical  and  mechanical  performance  and  improved  manufacturability. 

A  "rubber-sheet  model"  of  the  tube  was  built  to  study  the  effect  of  dimen¬ 
sional  variations  within  the  tube.  It  proved  to  be  a  very  useful  tool  in  design  of 
experimental  lots  of  tubes. 

Equipment  has  been  constructed  to  obtain  the  characteristic  curves  of  the 
tube.  The  circuit  and  curves  are  discussed  in  NBS  Report  12.2-388R.  A 
recent  modification  of  the  circuit  permits  simultaneous  observation  of  the  three 
curves  and  two  reference  lines  on  an  oscilloscope. 

Investigation  of  microphonics  of  the  tube  indicated  that  the  tube  would  prob¬ 
ably  be  low  in  microphonics  after  being  mechanically  improved.  Later  tests 
shov/ed  that  there  was  a  marked  decrease  in  microphonics  as  the  contractor  (3) 
began  to  make  the  tubes  according  to  accepted  production  line  techniques. 

Further  improvements  in  microphonics  were  observed  after  modification  of 
the  mechanical  design  of  the  tube.  Noise  output  of  the  oscillating  tube  has  been 
observed  with  the  tube  in  both  quiescent  and  vibrating  conditions.  Swept  sine 
wave  and  white  noise  vibration  have  been  used  in  the  evaluation  of  microphonics. 

Many  of  the  tubes  in.  early  production  lots  showed  lack  of  symmetry  and 
poor  electrical  centering  of  the  beam.  These  difficulties  have  been  almost 
completely  eliminated. 
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Since  contract  inception,  the  contractor  (3)  has  delivered  69  .lois  tataling 
approximately  2400  tubes.  Cathode  current  averages  five.milliampereB  with 
J50-volt  B+  supply  and  1.4-volt  filament  supply.  The  tubes  wUl  withstand 
uniform  acceleration  of  10,000  g  in  any  direction.  All  sampled  tubes  have 
passed  the  MIL IB  test  for  glass  strain. 

Microphonics  is  still  a  major  problem  in  the  QF-82Q,  with  the  filament- 
resonance  signal  being  one  of  the  major  sources  of  microphonic  output.  O^er 
microphonic  signals  have  been  observed  but.  have  not  been  definitely  identified. 

Power  output  is  another  point  of  concern,  and  steps  are  being  taken  to 
increase  the  power  capability  of  the  tube. 


12.3  PROGRESS 

During  the  quarter  ending  30  June  1955,  the  contractor  delivered  a  total 
of  465  tubes.  Of  this  number,  185  were  of  the  new  "C"  construction  design 
which  is  a  ruggedized  version  of  "A"  construction  and  has  the  modifications 
of  locking  iriicas  and  a  preform  button,  'rhis  type  of  construction  has  been 
delayed  considerably  because  of  the  supplier's  failure  to  deliver,  on  schedule, 
parts  which  met  specifications,  and  also  because  of  the  technical  difficulties 
encountered  by  the  contractor  (3)  in  the  assembly  of  tubes  using  the  preform 
button  (strains  develop  and  envelopes  crack  after  sealing).  The  mortality  rate 
has  been  very  high  in  the  production  of  "C"  construction  tubes  with  only  185 
tubes  being  produced  from  500  mounts.  It  has  been  observed  from  data 
obtained  from  tubes  tested  thus  far  that  there  is  no  reduction  in  the  nucro- 
phonic  output  of  lubes  of  present  "C"  construction  when  compared  with  tubes 
of  "a”  construction  having  similar  dime-r-Bions  and  sensitivities. 


The  remainmg  280  tubes  received  during  this  quarter  were  a  series  of 
lots  of  ''b”  constructl.on  which  are  being  used  to  determine  the  best  location 
of  the  anode  aperalures  for  that  typ-e  of  construction.  It  has  been  found  that 
the  ’’B"  construrticn  tubes  are  superior  to  "A"  construction  in  power  output, 
but  are  radically  iriferiox"  in  terms  of  sensitivity. 

The  DOFL-desigaed  four-beam  tube  has  been  modified  and  several  tubes 
produced  with  very  good  test  results.  Mica  punches  are  being  obtained  to 
facilitate  the  assembly  of  those  tubes  ar:d  aid  in  further  modification. 

A  small  high-temperature  hydrogen  furnace  is  being  used  to  develop  tech¬ 
niques  for  inetalizing  ceramic  surfaces  for  use  in  the  ceramic  work  on  the 
qF-826.  Bids  have  been  requested  from  various  manufacturers  on  parte  to 

be  used  in  the  ceramic  tube. 
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A  problem  concerning  the  variation  of  probe  voltage  during  operation  has 
been  encountered.  Some  investigations  have  been  made  as  to  the  cause,  but  no 
answers  to  the  problem  have  been  found  as  yet, 

12.4  FLANS 

The  tubes  of  various  lots  will  continue  to  be  evaluated  as  received,  with 
respect  to  microphonics  and  quiescent  noise. 

Modifications  will  be  made  in  the  "C"  and  '*B'‘  constructions  to  reduce  the 
microphonic  output  and  improve  the  operating  characteristics  of  these  designs. 
Development  work  will  be  continued  on  the  four-beam,  and  ceramic  versions  of 
the  QF-a26. 

Investigations  will  continue  to  be  made  to  deterznine  the  cause  of  the  varia¬ 
tion  in  probe  voltage  and  what  can  be  done  to  reduce  or  control  this  effect. 
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13.  TRANSISTORS  (N- 102)  .... 

13.1  DESCRIPTION 

This  project,  N-102,  covers  research  and  development  on  transistors. 
Ordnance  applications  place  special  requirements  on  transistors  not  met  by 
current  transistor  developments..  The  current  objective  of  the  semiconductor 
program  at  DOFL  is  the  estatlishmsnt  of  a  facility  that  will  make  it  possible 
to  produce  specialized  transistor  devices,  ar.d  to  study  the  relation  between 
the  bulk  properties  of  semiconducting  materials  and  the  etjuivalent  circuit 
parameters  of  transistors. 

13.2  STATUS 

This  project  was  formally  established  at  the  beginning  of  FiscaTYear 
1954.  Progress  to  date  -includes  the  setting  up. and  operation  of  the  basic 
equipment  for  producing  and  testing  transistors,  experimentation  with  point- 
contact  transistor  action  on  a  micromanipulator  setup,  and  the  design, 
fabrication,  and  testing  of  point-contact  transistor  units  sealed  in  gloss. 

Work  is  continuing  on  refinements  in  instrumentation  of  the  major  equip¬ 
ment  items  being  used  in  the  facility.  Equipment  is  no'w  available  for  con¬ 
verting  unpurified  polycrystalline  germanium  to  purified  single  crystal 
material. 

13.3  PROGRESS 

The  temperature  co.nt roller  for  the  sir.gi.e- crystal  furnace  was  placed 
in  operation  this  quarter.  Only  one  crystal  was  grown,  but  the  result  indi¬ 
cated  that  the  degree  of  temperature  control  available  vi/ould  be  sufficient. 

No  attempt  was  made  to  control  the  purity  content  of  the  material,  but 
measurements  are  planned  to  determine  the  crystal  orientation. 

Unpurified  germanium  obtained  from  a  commercial  supplier  was  zone 
purified  in  both  helium  and  vacuum  to  determine  the  relative  merits  of  the 
two  ambients.  Vacuum  processing  resulted  In  the  purified  portion  of  the 
ingot  having  an  average  resistivity  of  60  ohm -cm,  whereas  the  helium 
processed  material  gave  46  ohni-cm.  The  starting  material  was  the  same 
in  both  cases  -  2  ohm-cm.  The  vacuum  processed  material  was  also  more 
uniform  in  cross-sectional  area  indicating  less  temperature  fluctuations.  It 
is  suggested  that  the  reason  for  the  improved  resistivity  in  vacuum  might  be 
the  loss  of  impurities  evaporation,  and  there  is  some  qualitative  information 
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to  support  this.  Ejcperimerits  are  underway  to  repeat  the  processing  using 
purified  and  doped  germanium  In  order  to  determine  the  effects  quantitatively. 

13.4  PLANS 

Zone  purification  studies  in  vacuum  and  helium  will  be  continued  using 
doped  germanium.  Incidental  to  this  will  be  the  development  of  doping  pro¬ 
cedures. 

Single  crystals  will  be  grown  using  the  temperature  controller  to  develop 
techniques.  Some  doped  crystals  will  be  grown  to  determine  resistivity 
gradients. 

Studies  on  the  relationship  between  the  properties  of  the  bulk  material 
and  the  equivalent  circuit  parameters  of  the  transistor  v;ill  continue.  As 
soon  as  practical  it  is  planned  to  check  the  analytical  studies  experimentally. 
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